This paper addresses the following questions: Are the major European stock markets more
Introduction
Many barriers to the free flow of goods, services, labor and capital between countries have been removed in the last several decades and national economies have become more open. This trend has been more pronounced in the fourteen Euro-zo ne countries in Europe, where a monetary union was implemented on January 1, 1999, with the Euro as the common currency. As a result, companies and investors in the Euro-zone can now make their investment decisions without worrying about exchange-rate risk. European stock markets have also experienced deregulation and integration. Many researchers have examined the linkages among national stock markets but the studies on the effect of the Euro are just beginning. The importance of the subject is clear f rom a recent keynote address by the president of the European Central Bank (ECB):
one market are transmitted to other markets. Furthermore, the data is divided into two subperiods to investigate whether the integration of the stock markets increased after the adoption of the Euro. This paper is organized as follows: the next section discusses the reasons for co-movements among stock markets and why these linkages are thought to have become stronger in the recent years. Then a short survey of earlier studies of relationships among stock markets is presented in Section 3. Section 4 describes the framework of the analysis, including the data, the Vector Autoregressive (VAR) Model; unit roots tests and tests for determination of the lag length used in the VAR model. The empirical results are presented in Section 5, followed by the conclusions in Section 6.
Reasons for co-movements among national stock markets
International stock prices are correlated for many reasons. First, the different stock markets may be influenced by the same macroeconomic variables, such as trade linkages between countries or booms and recessions in one country spilling over to other countries.
For instance, the rise in an interest rate of one country, caused by high inflation, would lead to immediate fluctuations or interest rate movements in another country. The stock market returns in these two markets would be affected by this potential rise in the interest rate, causing stock prices to fall due to two well-known facts. An increase in interest rate makes it more attractive for investors to move their money away from stocks to other financial instruments such as bonds. In addition, the firms would face higher financial costs on their debt, which leads to a reduced cash flow (Durre and Giot, 2005) .
Second, improved communication technology and the internet increased the speed of dissemination of news across the globe. A nother contributing factor to markets' comovement is the higher degree of cooperation among national governments in recent years and the removal of trade barriers which prevented the flow of goods, services, and capital.
This internationalization process has been evident in Europe, where the economic and financial structures have undergone extensive changes in the recent years. There has been a rapid development of the financial markets, which has been reinforced since the introduction of the Euro on January 1, 1999. The process of creating and the introduction of the Economic and Monetary Union have contributed to further economic integration and convergence of the economies inside the European Union (Noyer, 2000) . First, within the Economic and Monetary Union there is a high degree of labor, goods, and capital mobility.
Second, there is a common goal to achieve price stability. Third, the introduction of the Euro eliminated exchange rate risk inside the Union. Fourth, the macroeconomic policies in the participating countries are coordinated. Finally, the countries have a common monetary policy implemented by the European Central Bank (Apergis and Demopoulos, 1996) . These factors are assumed to lead to a higher degree of co-movements among the stock market returns in Euro-zone countries. This assumption is examined in the paper.
Previous studies on the interdependence between stock markets
Since the work of Grubel in 1968, which pointed out the benefits of international diversification, there have been numerous stud ies examining the relationships among national stock markets. Earlier studies by Granger and Morgenstein (1970) , Levy and Sarnet (1970) , Grubel and Fadner (1971) , Agmon (1972) and Ripley (1973) found little or no correlation between national stock markets, based on weekly or monthly data from the 1960's and 1970's. These studies used simple correlation and regression methods. The main conclusions that are found in these papers are (1) national stock markets are segmented and (2) risk reduction through international portfolio diversification is possible. The low degrees of co-movements between the stock markets are explained by barriers of international capital flows, different policies, higher taxes and transaction costs on international capital investments, and a low degree of information about foreign securities.
More recent research utilizes daily stock markets returns. Eun and Shim (1989) investigated the international transmission of stock markets movements using a Vector Autoregressive system, for the period 1980-1985. They found a substantial degree of interdependence among the nine stock markets in the ir study. Events occurring in the US stock market are quickly transmitted to stock markets in other countries. However, no individual stock market has substantial influence on the US stock market. Gjerde and Saettem (1995) by using ten stock market indices. The dynamic interactions among the stock markets are found to be larger than reported by Eun and Shim (1989) . The study also found the US stock market to have significant influence on most other markets with the exception of Italy. On the other hand, the stock markets in Europe did not appear to have substantial influence on the world or any of the largest stock markets, such as New York and Tokyo. Furthermore, they found a rapid international transmission mechanism between the different stock markets.
Most of the signals from one stock market can influence other markets within the same day;
taking into account that stock markets operate in different time zones.
Friedman and Shachmurove (1997) also use a VAR-model in their research. They focus solely on European markets for the period January 1988 to December 1994. Their study finds a high degree of interdependence between the larger stock markets in Europe.
However, the smaller markets prove to be more independent from other market fluctuations.
None of the stock markets are found to be completely unaffected by innovations in other markets. The UK stock market proved to be the leading market in Europe during this time period, as opposed to the smaller markets, which seem to have no significant influence on the other markets.
The studies of Becker, Finnerty, and Gupta (1990) and Hassan and Naka (1996) also pointed out the leading role of the US stock market, using correlation analysis and a vector error correction model, respectively. Several researchers have analyzed if the co-movements between stock markets have become stronger after the October 1987 stock market crash. Jeon and Von Furstenberg (1990) analyzed the linkages among the stock markets in Japan, Germany, England, and USA, with the use of a VAR model for the period 1986-1988. By dividing this period into two parts, before and after the stock market crash, they state that for the period before the crash, the stock market returns can be explained based on innovations in the US stock market and from the history of each market. After the crash, the stock market returns were better explained based on previous changes in the foreign stock markets as opposed to their own history, with the exception of Japan. Using causality and co-integratio n tests, Malliaris and Urrutia (1992) and Arshanapalli and Doukas (1993) also show that the degree of interdependence among stock markets has increased significantly after the 1987 stock market crash. Malkamäki, et al, (1993) This phenomenon can be explained as being the result of the removal of barriers for foreign investment, improvement in information technology, and increased co-operation and trade between countries, along with other reasons.
Methodology
This study aims to examine changes in co-movements among the European stock 
Data
The data for this study comprise time series of daily stock market indices for six major period. For each country, daily returns, r t , are computed as the first differences of the natural logarithms of P t , the daily close values of the indices, r t = (lnP t -lnP t-1 ). There is a striking difference in correlations between the two sub periods. For example, the correlation between UK and France increased from 0.70 to 0.79 in the second sub-period.
Correlation Analysis
The correlation between UK and Germany increased from 0.55 to 0.73, and the correlation between France and Spain increased from 0.69 to 0.83 in the same period.
Each country's series of daily returns (expresses as r t = (lnP t -lnP t-1 )) was tested for the presence of a unit root using three alternative tests suggested by Dickey and Fuller [1979] , and Phillips and Perron [1998] . All these tests reject the assumption of a unit root for all time series considered, implying that the relationships among the various variables analyzed below are not spurious.
Model Choice
The analysis uses a Vector Autoregression Approach, which is described in Appendix A. Sims (1980) criticized the simultaneous literature for the ad hoc restrictions needed for identification and for the ad hoc classification of exogenous and endogenous variables in the system. The main differences from the traditional structural (Cowles Commission) method of constructing such econometric models are (Charemza and Deadman, 1997):
1. There is not a prior endogenous division of variables. There are no stock markets that are exogenous. It is not the case that the stock market in Germany influences the stock market in UK, and not the other way around. In a Vector Autoregressive (VAR) Model one does not have to indicate which stock market is exogenous and which is endogenous. However, this is necessary in the structural single-equation or multi equation co-integration models.
2.
No zero restrictions are imposed. Using the VAR Model one tests how the stock markets influence one another simultaneously. In a simple co-integration approach, one analyzes the direct effect of a one-unit rise in the German stock market on the UK stock market, when all other variables are held constant. This restriction is in fact extremely unrealistic.
3. There is no strict (and prior to modeling) economic theory within which the model is grounded. This follows from the previous points. One does no t have to decide which stock market influences another, and no restrictions are imposed. A VAR Model requires minimal theoretical demands on the model structure.
With a VAR Model, one only needs to make two specifications (Pindyck and Rubinfeld, 1998, p. 400):
(1) The variables (endogenous and exogenous) that are believed to interact should be included as a part of the economic system one is trying to model.
(2) The largest number of lags needed to capture most of the effects that the variables have on each other.
The two most common methods used in the recent analysis of linkages among stock markets are the Vector Autoregressive Model and a Vector Error Correction Model. As the aim of this paper is to analyze linkages among European stock markets, we chose to use the VAR Model because it was found to be more appropriate for studying dynamic inter-linkages of stock markets. Since the main concern of investors is the stock market returns and not some arbitrary defined index levels, we believe that the relevant co-integration is between returns and not the levels (see for example Friedman and Shachmurove, 1997 and Gjerde and Saettem, 1995) .
One weakness of the VAR Model is the importance of ordering the variables. It is important which stock market is called y 1 , which is called y 2 , and so on. The order of the variables has to be specified by the analyst, since no statistical methods exist that can determine the ordering of the variables. In an impulse response analysis the first variable must therefore be the only one with a potential immediate impact on all other variables. The second could influence the remaining variables, but it would have no potential immediate impact on the first variable. Another problem is the potential for the model to be incomplete.
When important variables are omitted from the system, this could have an impact on the results, since it makes the impulse responses less valuable for structural interpretations.
Determination of the Lag-Length
An important part of the analysis is to determine the appropriate lag structure in the VAR Model. Standard recommendations for the selection of the appropriate lag length is to choose the number of lags to be long enough to ensure that the residuals are white noise, but not too long since the estimates can become imprecise. The lag length is therefore often selected somewhat arbitrarily. The number of lags was chosen based on three tests: The
Likelihood Ratio tests (Sims, 1972) , the Information Criteria suggested by Akaike (1973) and by Schwarz (1968) . While the Akaike and Schwarz tests indicated that as few as 2 lagged daily returns may be sufficient, the Sims test suggested that 15 lags are needed. A lag length of 15
ensures that all the dynamics in the data is captured and is used in this analysis. (Eun and Shim
[5] and Friedman and Shachmurove (1997) also used 15 lags.) repetitions. The ordering is again as in Table 3 . Table 4 presents these accumulated responses for the two sub-periods, Period I and Period II, and only for the first three days after the introduction of the shocks. For example, the effect of the UK market on the German market increased from 0.72 percent before the introduction of the Euro to 1.25 percent after the Euro's, introduction, a 74 percent increase. The accumulated effect of the German market on the French market rose from 0.21 percent to 0.80 percent. In general, one can see the same pattern emerging; more interdependence and a higher degree of inter-linkages among the developing stock markets of Europe.
Empirical Results
Insert TABLE 4 For instance, the Italian stock market is found to be linked to the other European markets to a much higher extent than was found in previous studies. Finally, the time paths of impulse responses to a shock in the stock market in the UK, the only country in the study that kept its national currency, shows a rapid transmission of information between stock markets in Europe. This supports the hypothesis of international stock markets efficiency. Footnote 1. To construct an MSCI Country Index, every listed security in the market is identified. Securities are free float adjusted, classified in accordance with the Global Industry Classification Standard and screened by size and liquidity. MSCI then constructs its indices by targeting for index inclusion 85% of the free float adjusted market capitalization in each industry group, within each country. By targeting 85% of each industry group, the MSCI Country Index captures 85% of the total country market capitalization while it accurately reflects the economic diversity of the market. APPENDIX A.
THE VAR MODEL
The VAR model assumes that each variable depends on its own past values and on the past values of all other variables in the system of equations. The model can be expressed as
where Y t is an n×1 vector of daily stock market returns, X t ⋅ß is the deterministic component of Y t . In the present application X t is a vector of ones. The term U t is an n×1 vector of serially uncorrelated errors, A s is an n×n matrix of coefficients and L is the number of lags. The moving average representatio n (MAR) of the VAR model can be written as
where, E t-s for s=0,...,∞ is an n-variate white noise process, and E t and E s are uncorrelated for t + s, (Sims [1972) .
There are many equivalent representations for this model. For any non-singular matrix G, the matrix of coefficients B s can be replaced by B s ⋅G and E by G -1
⋅E. A particular version is
obtained by choosing some normalization.
If B 0 is normalized to be the identity matrix, each component of E t is the error that results from the one step ahead forecast of the corresponding components of Y t . These are the non-orthogonal innovations in the components of Y because, in general, the covariance matrix
It is more useful to look at the moving average representation of the system with orthogonalized innovations. If any matrix G is constructed to satisfy
• • Φ then the new innovations v t = E t ⋅G -1 satisfy (A.5) E[v(t) v(t) ] = I • ′
These orthogonalized innovations have the important property that they are uncorrelated across time and across equations. Such a matrix G can be any solution which satisfies the condition that GG' = Φ. The problem is that there are many such factorizations of a positive definite matrix Φ.
The literature on time-series suggests a number of ways to accomplish the factorization of Φ. Some techniques are based on the Choleski factorization, where G is restricted to be a lower triangular matrix. Other techniques are based on orthogonalization using the eigenvalues.
Sims (1980) suggested imposing restrictions on the Φ matrix by constraining it to be a lower triangular matrix. In general, the moving average model (A.4) is diagonalized as follows: (A.6) 
and (A.7) E[V(t) V(t) ] = D

⋅A⋅S⋅A')
where S is the sample covariance matrix of residuals, and A is the coefficients matrix of (A.1). Response of LSPA DM t o LSP ADM Re spo nse to Ch ol esky One S.D . Inn ova ti on s ± 2 S.E.
